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[57] ABSTRACT

A thermometer includes an infrared sensor (14) for
receiving infrared radiation to generate a corresponding
electrical signal; a reference unit (10) for emitting a
standard infrared radiation; a temperature sensor (11)
for receiving the standard infrared radiation to generate
a corresponding standard electrical signal; a support
unit (1, 2) for supporting the infrared sensor and the
reference means such that the infrared sensor receives
the standard infrared radiation from the reference
means 1n a standby state and infrared radiation from a
subject in a measurement state; an arithmetic unit (44)
for computing a temperature of the subject based on the
electrical signals from the infrared sensor in both the

standby and measurement states and from the tempera-
ture sensor.

§ Claims, 7 Drawing Sheets
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1
RADIATION TYPE THERMOMETER

BACKGROUND OF THE INVENTION

1. Field of the Invention >

The present invention is related generally to ther-
mometers and, more particularly, to a thermometer of
the radiation type which measures temperatures by
detecting infrared radiation emitted by a subject, such
as the eardrum. 10

2. Description of the Prior Art

Japanese Patent Application Kokal Nos. 61-117422
(’422) and 2-28524 ( 524) have pr0posed thermometers
of this type for use in measuring the temperature of
patients 1In h05pltals because the time for taking the !
temperature is reduced very much. The thermometers
have a metallic tube attached to the front of an infrared
sensor, such as a thermopile, and an adiabatic matenal
for surrounding the entire metal tube to form a probe.
This probe is inserted into the external auditory canal to 20
sense the infrared radiation from the eardrum for taking
the temperature. In order to assure the accuracy of
clinical thermometers, the 422 has proposed to prelimi-
narily heat the measuring system to a constant tempera-
ture (36.5 degrees C.) to eliminate various errors. The 23
'524 has proposed to assure the accuracy by means of
various correction devices.

However, the above thermometers have the follow-
ing disadvantages:

The '422 device requires: 30

(1) a time for prehiminary heating; |

(2) a high-precision heat control unit which makes
‘the circuit complicated and the unit manufacturing cost
high; and

(3) a high power supply for driving the heat control 35
unit, resulting 1n the bulky device.

The *524 device does not employ any heat control
unit and is free of the above disadvantages, but, where
there is thermal unbalance in the system, it employs a
temperature sensor attached to the front tube of the 40
infrared sensor to compute the temperature using the
measurement for correction. However, 1t still has the
following disadvantages:

(1) The thermal unbalance indicates the presence of
thermal gradient in the metal tube. Consequently, tak- 45
ing a measurement at a point as the representative tem-
perature of the metal tube brings about a new error.

(2) To avoid such an error, a separate sensor is pro-
vided near the infrared sensor to compute a difference
in temperature between them while a critical tempera- 50
ture is set to issue a measurement permit. However,
their circuitry is so complicated as to push up the unit
manufacturing cost and limit the measuring range.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the invention to pro-
vide a compact, low cost thermometer of the radiation

type.
It is another object of the invention to provide a

55

radiation type thermometer for permitting repeated 60

“measurements for a short time period with high accu-
racy.

According to the invention there i1s provided a ther-
mometer which includes an infrared sensor for receiv-
ing infrared radiation to generate a corresponding elec- 65
trical signal; a reference unit for emitting a standard
infrared radiation; a temperature sensor for receiving
the standard infrared radiation to generate a corre-

2

sponding standard electrical signal; a support unit for
supporting the infrared sensor and the reference means
such that the infrared sensor receives the standard infra-
red radiation from the reference means in a standby
state and infrared radiation from a subject in a measure-
ment state; an arithmetic unit for computing a tempera-
ture of the subject based on the electrical signals from
the infrared sensor in both the standby and measure-
ment states and from the temperature sensor.

According to the invention, no heating device is
required, thus reducing the unit manufacturing cost and
the volume of the unit. Even if the thermal balance of
the measuring system is disturbed, it 1s possible to make
measurement, thus making repeated measurements pos-
> sible in a short time period with accuracy. In addition,
it is not necessary to return the probe unit to the base
unit for each measurement.

The above and other objects, features, and advan-
tages of the invention will be more apparent from the
following description when taken in conjunction with
the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 i1s a perspective view of a thermometer ac-
cording to an embodiment of the invention;

FIG. 2 1s a side elevational view of the thermometer;

F1G. 3 is an enlarged sectional view of a probe por-
tion of the thermometer; |

FIG. 4 is a side elevational view of the probe portion
wherein the probe is inserted into the earhole; |

FIG. § is a schematic diagram showing how the ther-
mometer works;

FIGS. 6 and 7 are graphs showing changes of the
infrared sensor output;

FIG. 81s a block diagram of a circuit of the thermom-—
eter;

FIG. 9 is a diagram showing the contents of the mem-
ory of FIG. §;

FIG. 10 1s a flowchart showing the main routine;

FIG. 1115 a flowchart showing the timer interruption
routine;

FIG. 12 1s a side view of a thermometer according to
another embodiment of the invention; and

FIG. 13 1s a rear view of the thermometer.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

In FIGS. 1 and 2, a thermometer consists of a base
unit 1 and a probe unit 2 mounted on the base unit 1.
The base unit 1 includes a circuit board (not shown) for
performing arithmetic operations; a power switch 4 on
a side for energizing the circuit; a reference switch 7
under the probe unit 2; an liquid crystal display 3 on the
sloped top section for displaying the measurement re-
sults; and a measurement permit light emitting diode
display 6 on the flat top section. Also, it has a hole 9 and
a reference plate 10 on the bottom of the hole 9. A
temperature sensor 11 is attached to the reference plate
10, the output of which is fed to the circuit board via
lead wires 13. The reference plate 10 should be made
from a material which has high radiation rate and ther-
mal conductivity such as a metal coated with a luster-
less black paint. The temperature sensor 11 may be any
of those that is able to detect the temperature of the
reference plate 10 such as a temperature sensing diode.

The probe unit 2 includes a start switch § indicative
of the start of an arithmetic operation and a probe 8 at
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the front end. As best shown in FIG. 2, the probe unit
2 1s set on the base unit 1 such that the probe 8 is placed
in the hole 9. When the probe unit 2 is set on the base
unit 1, it depresses the reference switch 7 to permit
measurement of the reference plate 10.

In FIG. 3, the probe 8 includes a mount 16; an infra-
red sensor 14 such as a thermopile; and a waveguide 15
composed of a metal tube. The infrared sensor 14 and
the metal tube 15 are covered with a adiabatic material
17. The output of the infrared sensor 14 is fed to the
circuit board via a cord 18 and a cord 12 which con-
nects the probe unit 2 to the base unit 1. If necessary, a
cover 19 made from a material having low thermal
conductivity may be used at the front end of the probe
8 to prevent the probe from direct contact with the
earhole. A metal piece 23 is embedded in the cover 19,
with the top face exposed. A pair of metal pads 22 are
embedded in the adiabatic material 17, with the bottom
face exposed. A pair of conductors 24 connected to the
circuit board via the cord 12 are attached to the metal
pads 22.

When the cover 19 is mounted on the front end of the
probe 8 as shown in FIG. 3, the two metal pads 22 are
electrically connected via the metal piece 23, connect-
ing the two conductors 24 so that the circuit board
learns of the mount of the cover 19. A pair of transpar-
ent filters 20 and 21 are attached to the front ends of the
metal tube 15 and the cover 19, respectively. Both of
the filters 20 and 21 are made from a material that is able
to transmit infrared radiation. When the probe 8 is set in
the hole 9 of the base unit 1, the reference plate 10 is
opposed to the infrared sensor 4 as shown in FIG. 3.

In use, the power switch 4 is turned on, with the
probe unit 2 set on the base unit 1 (hereinafter called
“set condition’) as shown in FIG. 1, so that the mea-
surement permit LED 6 lights up. Then, the probe unit
2 1s picked up, and the probe 8 is inserted into the ear-
hole. The start switch 5 is turned on to start arithmetic
operations in the circuit board, with the result that the
temperature 1s displayed in the LCD 3.

FIG. 4 shows an anatomy of the ear which consists of
an auricle 25, the external auditory canal 26, and the
eardrum 27. The probe 8 is inserted into the external
auditory canal 26 of the earhole. To take another mea-
surement, return the probe unit 2 to the base unit 1 to
turn on the measurement permit LED 6. Then, the
above procedure is repeated.

‘The operational principle will be described below.
From Stefan-Boltmann law “all objects give off the
energy that 1s proportional to the fourth power of the
absolute temperature,” the output of the infrared sensor
14 which is in the earhole 26 is given by

P=Ko(aTk*+ bTb* — To?) (1)
wherein -

P is the output of the infrared sensor 14;

Tk 1s the temperature of the eardrum; |

Tb 1s the temperature of the metal tube 15;

To is the temperature of the infrared sensor 14;

Ko is a constant independent of the physical factors
of respective parts of the system; and

a and b are proportional constants depending on the
physical factors of respective parts of the system.

In FIG. §, the infrared radiation La emitted from an
object 28, such as the eardrum 27, reaches the infrared
sensor 14 either directly or by reflection at the inside of
the metal tube 15. This is represented by the term (aTk4)
of the formula (1). The infrared radiation Lb is emitted
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4
from the metal tube 15 and reaches the infrared sensor
14. This 1s represented by the term (bTb4). The term
(To%) represents that of the temperature of the infrared
sensor 14. The difference between (aTk*+bTb4) and
(To#) is proportional to the output of the infrared sensor
14.

To determine the temperature Tk of the eardrum
from the formula (1), it is necessary to find the tempera-
ture Tb of the metal tube 15 and the temperature To of
the infrared sensor 14. Where the metal tube 15 and the
infrared sensor 14 are in the steady state, or the temper-
ature does not change, it is easy to find Tb and To by
attaching temperature sensing elements such as temper-
ature sensing diodes. However, where the steady state is
disturbed by the temperature of a subject, etc. in re- -
peated measurements, the temperature of the metal tube
15 changes from point to point, making it very difficult
to find the terms (bTb%) and (To%). In practice, a certain
time period, such as 10 minutes is taken, to permit re-
covery of the steady state.

According to the invention, the preliminary measure-
ment 1s made under the set condition (FIG. 1). The
output of the infrared sensor 14 is given by

P =Ko(a' T+ bTh'*~ To'%) 2)
wherein

P’ 1s the output of the infrared sensor 14;

Tr 1s the temperature of the reference plate 10;

Tb' is the temperature of the metal tube 15;

To' 1s the temperature of the infrared sensor 14:

Ko 1s a constant independent of the physical factors
of respective parts of the system; and

a’ and b are proportional constants dependent on the
physical factors of respective parts of the system.

The formula (2) is similar to the formula (1). As soon
as the preliminary measurement is taken, the probe unit
2 1s picked up, and the temperature of the eardrum is

4 taken as shown in FIG. 4. The output P of the infrared

sensor 14 1s given by the formula (1) wherein the tem-
peratures of the metal tube 15 and the infrared sensor 14
in the initial period are Tb=Tb’ and To=To". In the
initial period of measurement, subtracting the formula
(1) from the formula (2) gives

P — P=Ko(a'T* —aTi4) (3)
The equation (3), from which the effects of the metal
tube 15 and the infrared sensor 14 are removed, are

independent of their conditions. Further, it is rear-
ranged as

i (4)

Since the temperature Tr of the reference plate 10 is
detected by the diode 11, Tk is determined from the
equation (4) by determining Ko, a, and a’ by experi-
ments.

As has been described above, even if the metal tube
15 and the infrared sensor 14 are not in the steady state,
their effects are offset so that it is possible to measure
the temperature of the eardrum. Thus, it is possible to
make repeated measurements without providing any
time for recovering the steady state.
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Changes 1n the output of the infrared sensor 14 are

- shown in FIG. 6, wherein the metal tube 15 and the

infrared sensor 14 were in the steady state at the time of
measuring the reference plate 10, and in FIG. 7,
wherein they were not in the steady state. A line seg-
ment q represents the output during the measurement of
the reference plate 10. A line segment r represents
changes in the output between the removal of the probe
unit 2 from the base unit 1 and the insertion of the probe
8 in the earhole. A line segment s represents changes In
the output after the probe 8 is inserted in the earhole.
The output temporarily falls as soon as the probe 8 is
inserted in the earhole because the probe 8 cools the
earhole. The time constant of the infrared sensor 1s
normally a few milliseconds while the time constant of
the earhole and the metal tube is believed to be hun-
dreds milliseconds. Accordingly, the peak output value
P of the infrared sensor 14 when the probe 8 is inserted
into the earhole 1s considered to be a measurement of
the eardrum. The temporarily dropped output rises
again as the temperature of the earhole recovers, and
the temperature of the metal tube 13 rises.

It is apprectated that the output of the infrared sensor
is constant in the line segment q of FIG. 6 but changes
in FIG. 7 because the terms (bTb'4) and (To'4) of the
formula (2) vary with the time due to the unstable con-
ditions of the metal tube 15 and the infrared sensor 14.
In FIG. 6, the constant value of the line segment g
indicates that the output P’ of the infrared sensor 14 is
constant during the measurement of the reference plate
10. In FIG. 7, the estimated value P2’ at the peak value
P should be taken as the output P’ because it 1s more
accurate than the value P1’. It 1s impossible to measure
the reference plate 10 and the eardrum at the same time,
but it takes Td (1 or 2 seconds) between the measure-
ment of the reference plate 10 and that of the eardrum.
The extension line u of the line segment q for determin-
ing the estimated value P2’ 1s approximated by a tangent
to the line segment q at the intersection o of the line
segments g and r. |

In FIG. 8, the circuit in the base unit 1 includes an
amplifier 41 for amplifying the output of the infrared
sensor 14; an amplifier 42 for amplifying the output of
the temperature sensor 11; an analog/digital converter
43 for converting the amplified signals from the amplifi-
ers 41 and 42; a memory 45 for storing data; and a cen-
tral processing unit 44 which is operated by instructions
from the start switch § and the reference switch 7 to
receive the digital signals from the A/D converter 43
and store them in the memory 45 and read data from the
memory 45 for performing arithmetic operations to
display a measurement permit in the LED 6 and the
measurement results in the LCD 3.

FIG. 9 shows the contents of the memory 44.

As FIG. 10 shows, in Step 100 of the main routine,
the power switch 4 is turned on for initialization. In
Step 101, the timer for interruption is turned on to apply
interruption at regular intervals as shown in FIG. 11.
To determine P’, reference data are stored in the mem-
ory 44. In Step 200, whether the reference switch 7 is
turned on is checked. If yes, in Step 201, the counter R
is incremented. In Step 202, the reference data are
stored in the memory until the value of the counter R
reaches 3. Consequently, three reference data are stored
in the memory 44 as shown in FIG. 9. When it is deter-
mined that the value of the counter R is 3 in Step 203,
the counter R is initialized, and an R flag is set in Step
204. In this way, the three reference data in the memory
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are always updated by the timer interruption routine.
When the R flag 1s found in Step 102 of the main rou-

tine, the measurement permit LED 6 is turned on in

Step 103. Whether the reference switch 7 is on is
checked in Step 104.

When P2’ 1s not under computation in Step 2085 of the
timer interruption routine, in step 206 the eardrum mea-
surement is stored in the memory for each interruption.
Since it is necessary to determine the peak value P, in
step 207 the data of the present interruption is compared
with that of the previous one. If the present data 1s
greater than the previous one, in step 208 the peak value
in the memory of FIG. 9 is updated with the present
data. In Step 105, whether the start switch § is on 1s
checked to assure that the peak data is the true peak
value P. In Step 106, whether cooling of the earhole 1s
detected is checked. This is done by determining
whether it occurs that the previous data is greater than
the present data for a predetermined times K in the
timer interruption routine in Steps 209 and 210 of FIG.
11. After the cooling of the earhole is detected in Step
106, the gradient is determined from the three reference
data (1), (2), and (3) in the memory, thereby computing
P2’ in Step 107. The timer is stopped in Step 108.

In this way, P’ and P are determined 1n Steps 109 and
110, respectively. From the thus obtained values P and
P’ the eardrum temperature Tk 1s determined using the
equation (4) and displayed in the LCD 3 in Step 111.

The measurement permit LED is turned off in Step 112,

and whether the reference switch i1s on i1s checked 1n
Step 113. This completes the temperature measurement
operation. |

In FIGS. 12 and 13, a thermometer includes a probe
unit 32 which is provided with a probe 8 at the upper
front. The probe unit 32 includes a reference plate 10
and a reference mask 31 which is provided with a diode
11 for detecting the temperature of the reference plate
10. The reference mask 31 is turned about a shaft 33 by
moving a lever 30 so that the reference plate 10 i1s
moved between the closed position where it 1s opposed
to the probe 8 as shown by a solid line 1n FIG. 12 and
the open position where it is away from the probe 8 as
shown by a broken line. When the lever 30 is released,
the reference mask 31 is returned to the closed position.
A power switch 4 and a start switch § are provided at
the bottom and the back of the probe unit 32, respec-
tively. An LCD 3 and a measurement permit LED 6 are
provided on the back, t0o. The operational principle of
this thermometer is the same as that of the thermometer
described above. The arithmetic operation unit on the
circuit board mounted in the base unit 1 in the above
embodiment is mounted in the probe unit 32 in this
embodiment.

When the power switch 4 is turned on, and the mea-
surement permit LED 6 is turned on, the lever 30 is
squeezed, and the probe 8 is inserted into the earhole.
When the start switch 5 i1s turned on, the eardrum tem-
perature is displayed on the LCD 3. To take another
measurement, the lever 30 1s released to return the refer-
ence mask 31 to the closed position. When the measure-
ment permit LED 6 lights up, measurement is made in
the same way as above.

We claim:

1. A thermometer comprising:

an infrared sensor for receiving infrared radiation to

generate a corresponding electrical signal;
reference means for emitting a standard infrared radi-
ation;
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a temperature sensor attached to said reference means
to generate a standard electrical signal indicative of
a temperature of said reference means;

support means for supporting said infrared sensor and
said reference means such that said infrared sensor
receives said standard infrared radiation from said
reference means in a standby state and infrared
radiation from a subject in a measurement state;
and

arithmetic means for computing a temperature of said

subject based on said electrical signals from said
infrared sensor in both said standby and measure-
ment states and from said temperature sensor.

2. The thermometer of claim 1, wherein said support
means comprises a base unit and a probe unit to be
mounted on said base unit and said infrared sensor and
said reference means are mounted on said probe unit
and said base unit, respectively, such that when said
probe unit 1s mounted on said base unit, said infrared
sensor 1s opposed to said reference means.

3. The thermometer of claim 1, wherein said support
means comprises a probe unit and a reference mask, and

5

10
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sald infrared sensor and said reference means are -

mounted on said probe unit and said reference mask,
respectively, said reference mask being attached to said
probe unit so as to move between a closed position
where said reference means is opposed to said infrared
sensor and an open position where said reference means
1s away from said infrared sensor.
4. A radiation-type thermometer comprising:
a probe for collecting infrared radiation;
an infrared sensor disposed at an end of said probe for
receiving said infrared radiation to generate a cor-
responding electrical signals;
reference'means for emitting a standard infrared radi-
ation;
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a temperature sensor attached to said reference means
to generate a standard electrical signal indicative of
a temperature of said reference means:

support means, for supporting said probe and refer-
ence means such that said infrared sensor receive
said standard radiation from said reference means
in a standby state and infrared radiation from a
subject 1n a2 measurement state;

an A/D converter for converting said corresponding

and standard electrical signals into corresponding
and standard digital data, respectively;

a memory for storing said digital data; and

arithmetic means for eliminating influences under

temperatures of said probe based on said digital
signals.

S. The radiation-type thermometer of claim 4,
wherein said arithmetic means stores in said memory
digital data of infrared radiation from said reference
means 1n a stand-by state and digital data of infrared
radiation from said subject and eliminates influences
under temperatures of said probe to determine a temper-
ature of said subject from the following formula:

i
+-‘?-'-Tr4)
4

P— P
T,t;=( 2Ko

wherein
P 1s the digital data about said subject;
P’ 1s the digital data about said reference:;
Tk 1s the temperature of said subject;
Tr i1s the temperature of said reference means;
Ko 1s a constant independent of said thermometer:
a 1s a constant for said measurement state;

a’ 1s a constant for said stand-by state.
% ¥ * % *
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